ABSTRACT: Twelve young adult (1.7 ± 0.1 yr) male cats were used in a replicated 3 × 3 Latin square design to determine the effects of fiber type on nutrient digestibility, fermentative end products, and fecal microbial populations. Three diets containing 4% cellulose, fructooligosaccharides (FOS), or pectin were evaluated. Feces were scored based on the 5-point system: 1 being hard, dry pellets, and 5 being watery liquid that can be poured. No differences were observed (P > 0.100) in intake of DM, OM, CP, or acid-hydrolyzed fat; DM or OM digestibility; or fecal pH, DM%, output on an as-is or DM basis, or concentrations of histamine or phenylalanine. Crude protein and fat digestibility decreased (P = 0.079 and 0.001, respectively) in response to supplementation with pectin compared with cellulose. Both FOS and pectin supplementation resulted in increased fecal scores (P < 0.001) and concentrations of ammonia (P = 0.003) and 4-methyl phenol (P = 0.003). Fecal indole concentrations increased (P = 0.049) when cats were supplemented with FOS. Fecal acetate (P = 0.030), propionate (P = 0.035), and total short-chain fatty acid (P = 0.016) concentrations increased in pectin-supplemented cats. Fecal butyrate (P = 0.010), isobutyrate (P = 0.011), isovalerate (P = 0.012), valerate (P = 0.026), and total branched-chain fatty acids + valerate (P = 0.008) concentrations increased with supplementation of FOS and pectin. Fecal cadaverine (P < 0.001) and tryptamine (P < 0.001) concentrations increased with supplementation of FOS and pectin. Fecal tyramine concentrations decreased (P = 0.039) in FOSsupplemented cats, whereas spermidine concentrations increased (P < 0.001) in pectin-supplemented cats. Whereas fecal concentrations of putrescine (P < 0.001) and total biogenic amines (P < 0.001) increased with FOS and pectin, the concentrations of these compounds were increased (P < 0.001) in cats supplemented with pectin. Fecal Bifidobacterium spp. concentrations increased (P = 0.006) and Escherichia coli concentrations decreased (P < 0.001) in FOS-supplemented cats. Fecal concentrations of Clostridium perfringens (P < 0.001), E. coli (P < 0.001), and Lactobacillus spp. (P = 0.030) also increased in pectin-supplemented cats. In addition to increasing populations of protein-fermenting microbiota, pectin increased production of fermentative end products associated with carbohydrate compared with protein fermentation. Pectin and FOS may be useful fiber sources in promoting intestinal health of the cat.
INTRODUCTION
Minimal research has been conducted to determine the effect of dietary fiber supplementation of cats. Because the cat is an obligate carnivore and, thus, has a large dietary requirement for AA, fiber is not a large portion of its natural diet. Previous research in this area has tested increased concentrations of fermentable fibers or used fermentable fibers in concert with lowly fermentable fibers to assess prebiotic activity. Increased concentrations (approximately 6 to 9% of the diet) of fermentable fibers have led to diarrhea, most likely because of excessive fermentation (Sunvold et al., 1995; Bueno et al., 2000a,b; Hesta et al., 2001 ). Reduced concentrations (<1% of the diet) of fermentable fibers demonstrated several beneficial effects, including increased bifidobacteria and decreased potentially pathogenic microbiota, decreased fecal protein catabolite concentrations, and reduced urinary N compound excretion (Sparkes et al., 1998; Groeneveld et al., 2001) .
Colonic protein catabolites are created from fermentation of AA in the colon and are associated with fecal odor and colonic diseases. Phenols, indoles, and ammonia are putrefactants and considered potentially car-cinogenic as they are capable of altering cellular DNA (Macfarlane and Cummings, 1991) . Biogenic amines also are created from AA fermentation. Several of these compounds, including cadaverine and histamine, are considered putrefactants (Macfarlane and Cummings, 1991) . However, putrescine, spermidine, and spermine are considered beneficial in reduced concentrations as they are associated with normal cell turnover and involved in apoptosis (Delzenne et al., 2000) .
The objectives of this research were to determine nutrient digestibility, fecal protein catabolite concentrations, and fecal microbiota concentrations in adult cats fed diets containing fiber sources selected for differences in fermentability, solubility, and prebiotic potential.
MATERIALS AND METHODS
All animal care procedures were approved by the University of Illinois Institutional Animal Care and Use Committee before initiation of the experiment.
Animals and Diets
Twelve healthy adult male domestic shorthair cats with an average initial age of 1.7 ± 0.1 yr, BW of 5.7 ± 0.7 kg, and BCS of 5.9 ± 0.9 (using a 9-point scale) were used. The cats were, at minimum, paternal halfsiblings, but some full siblings were selected across 4 litters. Cats were individually housed in clean metabolism crates (0.61 × 0.61 × 0.61 m) in a temperaturecontrolled room with a 16-h light:8-h dark cycle at the animal care facility of the Edward R. Madigan Laboratory at the University of Illinois.
Oligosaccharide-free ingredients were used in diet formulation, with poultry by-product meal, brewers rice, ground corn, and poultry fat constituting the main ingredients of the dry, extruded kibble diets (Table 1) . The diet was milled (Lortscher Agri Service Inc., Bern, KS) and extruded (X20/E325, Wenger Manufacturing Inc., Sabetha, KS; at Kansas State University's Bioprocessing and Industrial Value-Added Program Facility, Manhattan, KS) under the direction of a consulting company (Pet Food and Ingredient Technology Inc., Topeka, KS), and dried and cooled (4800 Series Dryer/ Cooler, Wenger Manufacturing Inc.). Extrusion temperature started at 95°C when the diet left the preconditioning step. The kibble entered the dryer at 104°C and passed through the dryer for 12 min at this temperature (6 min each on 2 belts). They were allowed to pass through the remainder of the dryer (5 min) without applied heat so that the extruded diet would remain slightly warm when the poultry fat was added. Cellulose, fructooligosaccharides (FOS), or pectin was incorporated into the diets at a rate of 4% before extrusion. Three diets were prepared, and their ingredient compositions are presented in Table 1 . Cats were offered their assigned diet twice daily (0800 and 2000 h) to meet the metabolic energy requirements of each cat following the equation of Edstadtler-Pietsch (2003) . Fresh water was available at all times.
Sample Collection
A 3 × 3 Latin square design with 30-d periods was used, with cats being blocked by litter. Cats were provided litter boxes consisting of 1 modified box with 2-mm holes drilled in the bottom sufficient to allow urine to freely flow through the bottom of the litter pan with six 2.5-cm tapped spacers attached under the rim of the litter pan and one unmodified litter pan below to collect urine. Approximately 0.25 kg of 6-mm glass beads (Fisher Scientific Inc., Pittsburgh, PA) were added to the modified litter box to allow the cat to perform its natural behavior of covering its feces. Cats utilized the experimental litter box throughout the entire experiment so as not to change the environment of the cat once the experiment had begun.
A 20-d adaptation period preceded a 10-d collection period. On d 21 to 30, total feces excreted were removed from the litter box at least twice daily, weighed, composited, and stored at −20°C until further analyses were conducted. Feces were scored based on the following criteria: 1 = hard, dry pellets; 2 = hard, formed, dry stool; 3 = soft, formed, moist stool; 4 = soft, unformed stool that assumes the shape of the container; and 5 = watery liquid that can be poured. On d 25 to 26, a fresh Fiber alters microbiota and fermentation in cats fecal sample was collected from each cat within 15 min of defecation for analyses of pH, DM, short-chain fatty acid (SCFA), protein catabolites, and microbiota.
Sample Handling
On d 25 and 26, an aliquot was taken from the fresh sample and was frozen at −20°C immediately after collection for the following analyses: phenol, indole, and biogenic amine concentrations. One aliquot was collected and put in 5 mL of 2 N hydrochloric acid for SCFA, branched-chain fatty acids + valerate (BCFA), and ammonia analyses. An aliquot of fresh feces was immediately transferred into sterile cryogenic vials (Nalgene, Rochester, NY) and frozen at −80°C until DNA extraction for microbial analysis via quantitative PCR. Additional aliquots were used for pH measurement and fresh fecal DM determination. Remaining fecal samples were frozen at −20°C for further analyses. On d 27 through 30, 1 aliquot was taken daily, subsampled for DM, quartered, transferred into sterile cryogenic vials (Nalgene, Rochester, NY), and frozen at −80°C until DNA extraction for microbial analysis. Composited fecal samples were dried at 55°C in a forced-air oven. Food was ground through a 2-mm screen in a Wiley mill (model 4, Thomas Scientific, Swedesboro, NJ). Dried fecal samples were ground with mortar and pestle to separate fecal material from ingested hair and then passed through a series of sieves to separate the fecal material from the hair.
Chemical Analyses
Diet and fecal samples were analyzed for DM, OM, ash, and CP via combustion analysis (FP-2000, Leco Corporation, St. Joseph, MI; AOAC, 2000) , total lipid (acid-hydrolyzed fat, AHF) content (AACC, 1983; Budde, 1952) , and total dietary fiber (TDF; Prosky et al., 1992) . Gross energy content of the diet was measured using an oxygen bomb calorimeter (model 1261, Parr Instruments, Moline, IL). Fecal pH was measured using a pH meter and semi-flat electrode (Beckman Instruments Inc., Fullerton, CA). Short-chain fatty acid and BCFA concentrations were determined by gas chromatography according to Erwin et al. (1961) using a gas chromatograph (5890A series II, Hewlett-Packard, Palo Alto, CA) and a glass column (180 cm × 4 mm i.d.) packed with 10% SP-1200/1% H 3 PO 4 on 80/100+ mesh Chromosorb WAW (Supelco Inc., Bellefonte, PA). Nitrogen was the carrier with a flow rate of 75 mL/min. Oven, detector, and injector temperatures were 125, 175, and 180°C, respectively. Ammonia concentrations were determined using spectrophotometry according to the methods of Chaney and Marbach (1962) . Phenol and indole concentrations were determined using gas chromatography according to the methods of Flickinger et al. (2003) . Biogenic amine concentrations were measured by HPLC according to methods described by Flickinger et al. (2003) .
Microbial Analyses
Microbial populations were analyzed using methods described by Middelbos et al. (2007) with minor adaptations. Briefly, fecal DNA was extracted from freshly collected samples that had been stored at −80°C until analysis, using the repeated bead beater method described by Yu and Morrison (2004) with a DNA extraction kit (QIAamp DNA Stool Mini Kit, Qiagen, Valencia, CA) according to manufacturer's instructions. Extracted DNA was quantified (ND-1000 Spectrophotometer, Nano-Drop Technologies, Wilmington, DE). Quantitative PCR was performed for the bifidobacteria, lactobacilli, and Escherichia coli genera, as well as Clostridium perfringens. Specific primers were used for bifidobacteria (Matsuki et al., 2002) , lactobacilli (Collier et al., 2003) , E. coli (Malinen et al., 2003) , and C. perfringens (Wang et al., 1994) . Amplification was performed according to DePlancke et al. (2002) . Briefly, a 10-μL final volume contained 5 μL of the PCR Master Mix (2 × SYBR Green PCR Master Mix, Applied Biosystems, Foster City, CA), 15 pmol of the forward and reverse primers for the bacterium of interest, and 10 ng of extracted fecal DNA. Standard curves were obtained by harvesting pure cultures of the bacterium of interest in the log growth phase in triplicate, followed by serial dilution. Bacterial DNA was extracted from each dilution using a DNA extraction kit (QIAamp DNA Stool Mini Kit) and amplified with the fecal DNA to create triplicate standard curves (ABI PRISM 7900HT Sequence Detection System, Applied Biosystems). Colony-forming units in each dilution were determined by plating on specific agars: lactobacilli MRS (Difco, BD, Franklin Lakes, NJ) for lactobacilli, reinforced clostridial medium for Bifidobacterium spp. and C. perfringens, and Luria Bertani medium for E. coli. The calculated log cfu/mL of each serial dilution was plotted against the cycle threshold to create a linear equation to calculate cfu/g of dry feces.
Calculations
Metabolizable energy was calculated using the following equation: 
Statistical Analyses
Data for continuous variables were analyzed by the MIXED procedure, and data for discontinuous variables were analyzed by the GLIMMIX procedure (SAS Inst. Inc., Cary, NC). The statistical model included the random effects of animal and period and the fixed effect of treatment. Differences among treatments were determined using least significant differences. Outlier data were removed from analysis after analyzing data through the UNIVARIATE procedure to produce a normal probability plot based on residual data and visual inspection of the raw data. Outlier data were defined as data points 3 or more SD from the mean of the raw data. Differences among treatment level least squares means with a probability of P ≤ 0.05 were accepted as statistically significant, and mean differences with 0.05 < P ≤ 0.10 were accepted as trends.
RESULTS
The chemical composition of the experimental diets is presented in Table 2 . Analyzed DM, OM, CP, and AHF concentrations, and GE and calculated ME values, were similar among treatments. Total dietary fiber concentrations were less for the FOS diet because fructans cannot be quantified by the TDF method. Addition of 4% FOS to the fiber intrinsic to the basal diet (3.6%, the TDF value obtained for the FOS treatment) resulted in a value of 7.6%, commensurate with the TDF values for the other experimental diets.
Two cats were removed from the pectin treatment due to poor dietary intake. As a result, 10 cats compared with 12 for the other treatments were used for the pectin treatment mean calculations. Intake of DM, OM, CP, and AHF was similar across treatments as shown in Table 3 . Apparent digestibility was similar for DM (86.6 to 88.5%) and OM (89.9 to 90.9%). Crude protein digestibility tended (P = 0.079) to be less for the pectin compared with the cellulose treatment. Acidhydrolyzed fat digestibility was decreased (P = 0.001) for the pectin treatment compared with the cellulose and FOS treatments.
Fecal pH was unaffected by treatment (mean = 6.3; Table 4 ). Fecal DM was not different among treatments, and fecal output was similar when expressed on an as-is or DM basis. Fecal scores (P < 0.001) and concentrations of ammonia and 4-methyl phenol (P = 0.003) were greater for the FOS and pectin treatments compared with the cellulose treatment. Fecal concentrations of indole increased (P = 0.049) for the FOS treatment compared with the cellulose treatment, whereas the value for the pectin treatment was intermediate. Different superscript letters in the same row denote differences (P < 0.05) among treatments.
c,d
Different superscript letters in the same row denote trends (P < 0.10) among treatments. 1 Fructooligosaccharides. 2 Pooled SEM. 3 Indicates type 3 fixed effect of diet.
Fiber alters microbiota and fermentation in cats Fecal acetate and total SCFA concentrations were greater (P = 0.016) for the pectin treatment compared with the cellulose treatment ( Table 5 ). The value for the FOS treatment was intermediate. Fecal propionate concentrations increased (P = 0.035) for the pectin treatment compared with the cellulose and FOS treatments. Fecal butyrate concentrations were greater for the FOS and pectin treatments compared with the cellulose treatment. Fecal concentrations of isobutyrate, isovalerate, valerate, and total BCFA were greater (P < 0.030) for the FOS and pectin treatments compared with the cellulose treatment.
Fecal cadaverine and tryptamine concentrations were greater (P < 0.001) for the FOS and pectin treatments compared with the cellulose treatment (Table 6 ). Fecal putrescine and total biogenic amine concentrations were greater (P < 0.001) for the FOS treatment compared with the cellulose treatment, with an even greater (P < 0.001) increase observed for the pectin treatment. Fecal spermidine concentrations were greater (P < 0.001) for the pectin treatment when compared with the cellulose and FOS treatments. Fecal tyramine concentrations were less (P = 0.039) for the FOS treatment compared with the cellulose and pectin treatments. No differences were noted in fecal concentrations of phenylethylamine or histamine. Fecal spermine concentrations were detected in only 4 samples (0.01 to 0.36 umol/g of fecal DM).
Fecal concentrations of Bifidobacterium spp. were greater (P = 0.006) for the FOS compared with the cellulose and pectin treatments (Table 7) . Fecal concentrations of C. perfringens were greater (P < 0.001) for the pectin compared with the cellulose and FOS treatments. Fecal concentrations of E. coli were less (P < 0.001) for the FOS compared with the cellulose treatment, but were greater for the pectin treatment. Fecal concentrations of Lactobacillus spp. were greater (P = 0.030) for the pectin compared with the cellulose and FOS treatments.
DISCUSSION
In this experiment, 3 fiber sources selected for differences in fermentability, solubility, and prebiotic po- tential were evaluated for their impact on outcomes related to nutritional and microbial effects in the cat. Cellulose is a very lowly fermentable, completely insoluble fiber. For this reason, it also served as the control for this study because a diet with no supplemental fiber would not have allowed for adequate amounts of feces to be excreted and could be detrimental to the intestinal health of the cat (Sunvold et al., 1995; Bueno et al., 2000b) . Fructooligosaccharides are rapidly fermented and serve as a source of soluble, prebiotic fiber (Roberfroid, 2005; Van Loo and Vancraeynest, 2008) . The FOS included in this study was an inulin-type fructan composed of chains with a degree of polymerization of 2 to 10 (60%) and chains with a degree of polymerization >10 (28%), designed to be distributed throughout the colon to stimulate beneficial microbiota growth in the proximal and distal colon (J. Van Loo, Beneo Group, Tienen, Belgium, personal communication). Pectin is a highly soluble, fermentable fiber that has been well studied for many years (Anderson and Chen, 1979) .
By utilizing refined fiber sources in this study, variability because of other components such as those present in natural fibers is minimized. In addition to the fiber sources, the diet matrix can greatly affect the outcome variables of a study. Low-ash poultry by-product meal and brewers rice were included as the main ingredients because they are oligosaccharide-free and, thus, would not confound any observations, especially for the FOS treatment. Ground corn was added to improve kibble manufacturing, with specific regard to fat retention by the kibble, and contributed to the TDF concentration of the basal diet. Poultry fat served as the main fat source, and brewers yeast, corn gluten meal, and liquid digest were added to improve palatability. Although yeast has the potential to modulate microbial activity, it was not added at a large enough concentration to be considered a main ingredient.
The protein and fat concentrations of 35 and 20%, respectively, used in this study were chosen to mimic commercially manufactured high-quality cat foods. Protein quality and quantity may affect the composition of the gastrointestinal microbiota as well as the end products of fermentation should it remain undigested. Because the cat is an obligate carnivore, the amount of CP added to the diet is large; low-ash poultry by-product meal was chosen because it is a high-quality protein source, readily digestible, and commonly used in the petfood industry. However, if a diet contained a protein source of lesser quality, it may affect the amount of protein that remained undigested at the terminal ileum (Yamka et al., 2006) , thus affecting the type and amount of protein catabolites generated through fermentation in the colon. The amount of protein fed also may affect protein catabolite generation in the colon of other species because the digestibility of CP would decrease with larger quantities consumed (Zentek, 1995a,b) . However, Indicates type 3 fixed effect of diet.
Fiber alters microbiota and fermentation in cats because the cat has an increased AA requirement and seems to be capable of modulating its proteolytic enzymes in response to increased protein meals (Green et al., 2008) , this is likely not a concern. Nutrient intakes were similar across treatments, indicating that an inclusion rate of 4% fermentable fiber is acceptable to cats. Although 2 cats were removed due to poor intake of the pectin diet, it was consumed readily by the remaining 10 cats. One of the cats removed from treatment rejected the diet within 2 d of feeding. The pectin diet had an aroma that differed from the other 2 diets, which did not have distinctive scents, and may have been offensive to this cat. Additionally, the pectin diet appeared to have a harder texture than the other diets, which may have been more difficult for this cat to chew. The second cat rejected the pectin diet after approximately 2 wk, the time when all cats consuming this diet began to produce softer feces than normal. These feces were not diarrhea, but were not considered to be ideal. The softer feces may have been indicative of increased fermentation or a change in microbial ecology, or both, and may have caused the cat to experience intestinal discomfort, thus resulting in diet refusal. Additionally, the FOS and pectin treatments subjectively increased stool odor. This was likely due to increased fermentation related to the high concentrations of fermentable carbohydrates contained in both diets.
Crude protein digestibility tended to decrease with both FOS and pectin treatments. This has been previously observed for both fiber sources and is generally attributed to enhanced microbial concentrations in the colon. Several studies in cats and dogs have reported that fructans exert a prebiotic effect in the colon, stimulating the growth of Bifidobacterium spp., Lactobacillus spp., or both, and decreasing populations of C. perfringens, E. coli, or both (Russell, 1998; Sparkes et al., 1998; Zentek et al., 2003) . The pectin treatment stimulated concentrations of Lactobacillus spp., but also increased concentrations of C. perfringens and E. coli. Although not all clostridial species are considered negative (van Rijssel and Hansen, 1989) , an increase in the population of potentially pathogenic C. perfringens could be considered a drawback in feeding pectin as the sole fiber source in a cat diet. Similarly, although select strains of E. coli are considered harmful, several nonpathogenic strains exist. Cats did not exhibit clinical signs of pathogenic infection on any of the diets, so it is reasonable to believe that they did not harbor pathogenic strains of C. perfringens or E. coli.
In addition to modifying microbial populations, intestinal chyme viscosity may have been increased as a result of feeding diets containing fermentable fibers. Increased viscosity could prevent AA and dietary fat from being absorbed in the ileum of cats fed the pectin diet, leading to the observed decreases in CP and fat digestibilities. If pectin increased intestinal chyme viscosity, it likely reduced the ability of the peptides and AA to reach the intestinal transporters. Pectin has been observed to increase the activity of chymotrypsin but not trypsin (Dunaif and Schneeman, 1981) , increasing the concentrations of peptides in the chyme. Once these peptides reached the large intestine, they would be available for further hydrolysis and fermentation to phenylethylamine (phenylalanine), indole and tryptamine (tryptophan), phenol, 4-ethylphenol, p-cresol, and tyramine (tyrosine; Macfarlane and Cummings, 1991) . Pectin also increases the microbial population of the colon, which would, in turn, increase the amount of microbial protein available to the microbiota for fermentation. This microbial protein then can be hydrolyzed and fermented to phenols, indoles, and biogenic amines. These effects would explain the increased concentrations of ammonia because AA are deaminated to produce these compounds (Macfarlane and Cummings, 1991) . Furthermore, dietary pectin increases clostridial concentrations, which would be expected to increase protein catabolite concentrations (van Rijssel and Hansen, 1989) . However, pectin also has been observed to increase concentrations of both SCFA and beneficial biogenic amines (putrescine, spermidine, and spermine) in the cecum and feces of rats (Noack et al., 2000; Fukunaga et al., 2003) . The observed increases in SCFA and beneficial biogenic amines may serve to lessen the effects of the protein catabolites created, but this concept requires further investigation.
Propionate concentrations increased in the feces of cats fed the pectin treatment, whereas butyrate concentrations increased in feces of cats consuming pectin and FOS. Increased propionate has been noted in rat, human, and pig research (Englyst et al., 1987; Dongowski et al., 2002; Zacharias et al., 2004) . However, increased butyrate has been noted only in pigs supplemented with 5 or 10% pectin (Zacharias et al., 2004) . Typically, the main end product of pectin fermentation in humans is acetate (84% of total SCFA), but propionate can contribute a substantial portion of the remaining percentage (14% of total SCFA; Englyst et al., 1987) . The observed increase in propionate and butyrate concentrations may be explained, in part, by an increase in starch entering the cecum and colon (Zacharias et al., 2004) . Given that pectin increases intestinal viscosity, starch digestibility also would be expected to decrease, which would increase the amount entering the colon. Starch produces 50% acetate, 22% propionate, and 29% butyrate when fermented (Englyst et al., 1987) . This could explain the greater concentration of fecal propionate and butyrate observed in the pectin treatment, because acetate, propionate, and butyrate composed 59, 22, and 19%, respectively, of the total SCFA in the present study. The observed increase in fecal butyrate concentrations for the FOS treatment was expected, as several studies demonstrated this effect in dogs (Swanson et al., 2002a; Propst et al., 2003; Middelbos et al., 2007) . Hesta et al. (2001) also observed an increase in fecal butyrate concentrations in cats when they were supplemented with 3% oligofructose or 6% inulin.
The inclusion of fructans at 4% of the diet resulted in several effects that would likely not have been observed had a smaller concentration been fed. Fecal protein catabolites generally decrease, rather than increase as observed in the present study, when FOS is included in the diet at concentrations of 1% or less. In dogs, fecal BCFA, indole, and phenol concentrations decreased when scFOS was provided at 4 g/d, or 0.6% of the diet (Swanson et al., 2002a,b) . Fecal ammonia and indole concentrations decreased by 53 and 63%, respectively, after 7 d of lactosucrose supplementation to cats at 50 mg/kg·d −1 (Terada et al., 1993) . The present study utilized FOS as the main source of dietary fiber rather than as a reduced level supplement to the fiber already present in the diet. When inulin was supplemented to cats at 6% of the diet, valerate and total SCFA concentrations increased (Hesta et al., 2001) . Hesta et al. (2001) also observed increased fresh feces produced per day and fecal moisture concentration, with decreased fecal pH with 6% inulin and 3% oligofructose. Supplementation of cat diets with 3.11% FOS also increased the concentration of fecal bacterial N, implying increased growth of the total microbial population (likely the growth of beneficial microbes such as bifidobacteria and lactobacilli) because of the addition of fructans to the diet (Hesta et al., 2005) . Nitrogen has been observed to repartition from the urine to feces in dogs and cats with FOS supplementation (Howard et al., 2000; Hesta et al., 2001 Hesta et al., , 2003 Hesta et al., , 2005 , which may explain the increased fecal ammonia for this treatment. Similar to results of the present study, putrescine, but not spermidine, concentrations were increased in rats fed fructans (Delzenne et al., 2000) . These observed increases in fecal protein catabolites are likely caused by an interaction among proteolytic and saccharolytic microbiota. The microbial composition of the cat colon contains a large quantity of clostridial species (54% of microbes from the order Clostridiales) and lactobacilli (14% of microbes from the order Lactobacilliales; Ritchie et al., 2008) . With clostridial species present at this large a concentration in the intestine, adding a prebiotic could not feasibly allow saccharolytic microbiota such as lactobacilli and bifidobacteria to competitively exclude the proteolytic microbes. However, these microbes would increase in number, increasing the concentrations of SCFA and other beneficial end products. Proteolytic microbiota would continue to ferment AA and proteins escaping hydrolytic and enzymatic digestion, and would produce more potential putrefactants to maintain colonic pH at a level, in which they could survive. Alternatively, large quantities of undigested or endogenous protein, or both, and increased colonic pH may increase fecal concentrations of protein catabolites in cats, as can occur in pigs (Kaufmann, 1986; Drochner, 1987; Sutton et al., 1999) .
Although it is not fermented by the microbiota of the cat, cellulose could have affected several of the outcome variables in this study. Cellulose can dilute nutrients, decreasing nutrient digestibility in large concentrations (Kienzle et al., 2001) . In the present study, however, nutrient digestibilities by cats fed the cellulose treatment remained above 90% for all nutrients, except DM whose digestibility was 88.5%. In comparison, nutrient digestibilities of CP and fat observed for the pectin treatment decreased significantly. Previous research involving cellulose included at 5% of the diet of swine showed a decrease in fecal ammonia concentrations when compared with a standard diet, with a similar outcome observed for a diet containing 2% of sucrose thermal oligosaccharide caramel, a fermentable carbohydrate (Sutton et al., 1999) . Other fermentation end products may be affected by the inclusion of dietary cellulose, as increased dietary cellulose (8.7% compared with 2.5%) increases fecal concentrations of all SCFA and p-cresol in swine manure (Kerr et al., 2006) . Although the present study did not test a fiber-free diet, results similar to the studies by Sutton et al. (1999) and Kerr et al. (2006) would have been expected for the cellulose treatment (i.e., fecal ammonia concentrations would decrease, whereas SCFA and select protein catabolites would increase with the addition of any supplemental fiber source, including cellulose).
Both FOS and pectin increased select beneficial microbial populations in the colon of cats. Fecal concentrations of bifidobacteria increased in cats fed the FOS diet. Similar results have been observed in dogs fed fructans (Russell, 1998; Beynen et al., 2002; Swanson et al., 2002a; Zentek et al., 2003; Grieshop et al., 2004) . As a prebiotic compound, fructans may aid in competitive exclusion. This effect was observed for the FOS diet, as bifidobacterial concentrations increased and concentrations of E. coli decreased. Furthermore, the colonic microbes of the cat are capable of fermenting fructans to butyrate and can result in greater fecal scores by increasing concentrations of fecal SCFA, which can increase the amount of water that may remain in the feces. The observed increase in Lactobacillus spp. in cats fed the pectin diet supports the observed increase in fecal SCFA, as SCFA reduce the pH of the intestinal environment and, therefore, favor the growth of such microbes (Asad et al., 2008) . Although a difference in pH was not observed in fresh fecal samples, a decrease may have occurred earlier in the colon, which would have allowed this effect to occur.
In conclusion, supplementation of fermentable fibers at 4% of a cat diet is successful in modifying stool protein catabolite and microbial concentrations. Four percent fermentable fiber supplementation to cat diets has practical applications to the petfood industry, as this research demonstrates not only that cats are able to adapt to moderate concentrations of fiber, but it may also benefit their intestinal health. Although protein catabolites and, thus, stool odor were increased in both the FOS and pectin diets, end products of carbohydrate fermentation also were increased. This may balance out the positive and negative outcomes. The FOS treatment has increased benefits compared with the pectin treatment as the fructans appear to produce a more Fiber alters microbiota and fermentation in cats beneficial microbial population than does pectin. However, both fiber sources seem to be useful in promoting intestinal health of the cat and should be considered in future feline dietary research and formulations.
